To develop new criteria of radical surgery for hilar cholangiocarcinoma (HCC).
Treatment of hilar cholangiocarcinoma (HCC) is still difficult problem of hepatobiliary surgery. Unfortunately, current modes of chemoradiotherapy both as monotherapy and adjuvant treatment do not significantly improve long-term outcomes in HCC patients [1, 2] . It should be noted that numerous previously published trials have shown that «aggressive» surgical approach is followed by better 5-year survival (up to 52-58%) [3, 4] .
Currently, adequate type of liver resection associated with R0-procedure is being actively discussed. It is considered that «aggressive» approach includes excision of large liver volume, hemihepatectomy or advanced hemihepatectomy combined with bile ducts resection. The last procedure is widely used especially in patients with advanced tumor process [4] , since extensive liver resection is accompanied by wide and negative resection margin [5, 6] . Nevertheless, incidence of local recurrence within 2 years after R0-resection is up to 70% according to the literature [7] .
International Union Against Cancer criteria (1987) are still used to evaluate type of resection in HCC patients. Obviously, radical procedure as the most significant prognostic factor determining long-term survival is determined by morphological examination: whether the tumor was completely excised or not [8, 9] .
However, according to large world centers, resection margin cannot be objective criterion of radical operation. This fact is explained by tumor's placement within liver hilum and bile ducts, so tumor cells easily spread to surrounding vital structures adjacent to liver parenchyma. So, HCC is considered as regional neoplasm rather local tumor [10, 11] . Moreover, deeper microscopic invasion along bile duct compared with visual macroscopic boundaries of the primary tumor should be emphasized due to biological nature of the neoplasm [12] . Therefore, radical intervention is assessed by morphologist via an analysis resection margin [9] .
Thus, R0-resection is the only factor that can be changed by the surgeon.
The purpose of this work is to develop the new criteria of radical surgery for HCC.
Material and methods
There are 2 main periods in development of HCC surgery on the example of Vishnevsky Institute of Surgery. It should be noted that this division is nominal and caused by significantly different surgical approaches in various periods at the institute.
In the first period resection of extrahepatic bile ducts with confluence without liver resection significantly prevailed over advanced liver resections (hemihepatectomy). Moreover, most of patients underwent antegrade or retrograde biliary decompression alone or as the first stage prior to surgery. This period was characterized by development hepatobiliary surgery, accumulation of the experience and understanding biomolecular and morphological aspects of HCC. In particular, it was noted that cholangiocarcinoma has well expressed fibroblastic series, slow growth and late metastatic dissemination [13] [14] [15] .
The 2 nd period (since 2004) is characterized by predominant advanced resections of liver and bile ducts compared with isolated biliary resections because infiltrative growth of HCC along bile ducts was confirmed [16] .
Since 2011 urgent intraoperative biopsy of bile ducts margins with subsequent morphological examination is mandatory during advanced liver resection [9, 16] . Benign hepatobiliary neoplasms were observed in approximately 10-15% of patients with preliminary diagnosis of HCC [17, 18] cases. 80 (48%) patients underwent hemihepatectomy, 17 (10%) -advanced hemihepatectomy, 16 (10%) -minor liver resection followed by resection of common bile duct, 52 (32%) -common bile duct resection.
Only 49 patients were enrolled (2011-2016) because analysis of morphological features of the tumor is directly related to preservation of histological material and possible comprehensive morphological examination (table 1) .
It should be noted that this table reflects entire morphological characteristics of the tumor (9) , which are responsible for tumor progression and associated with long-term outcomes. Various positive variables should be considered, for example micro-and lymphovascular invasion, positive resection margin, perineural invasion, depth of invasion, present cells in surrounding fatty tissue, invasion of the entire thickness of bile ducts walls, infiltrative growth.
Usually, these variables are used to assess regional invasion of the tumor, and many of them are taken into account in pTNM classification as well as for radical surgery assessment.
Kaplan-Meier survival analysis was performed in this trial. Risk factors for survival were determined by using of multivariate analysis within Cox proportional hazard model. Log-rank test was used to compare both survival curves. 
Results
In multivariate analysis positive resection margin significantly affected long-term results (p 0.00083) ( fig. 1) .
According to our data, R0-resections are followed by 5-year survival near 32%, i.e. only 1 / 3 patients are alive by this moment. Univariate regression analysis revealed that differentiation grade, perineural invasion, depth of bile duct wall invasion (with invasion of the entire wall and beyond it), positive resection margin are risk factors for survival.
According to classification of International Union Against Cancer (1987) radical surgery is considered in macro-and microscopically absent tumor cells within resection margin of the bile ducts, liver and vessels. Consequently, 3 types of resections are distinguished: R0there are no data about residual tumor, R1 -there are microscopic data about residual tumor, R2 -there are both macro-and microscopic data about residual tumor.
At the same time, only lymphovascular invasion was significant predictor in multivariate analysis (table 2) . Probably, this is due to tumor's cells dissemination through lymphatic vessels, their invasion is observed in 88% of cases.
Thus, further searching of radical surgery criteria is necessary to improve classification of resections.
We have developed new criteria regarding resection assessment. Following morphological variables were considered:
-microvascular invasion; -lymphovascular invasion;
-tumor's cells in resection margin of bile duct; -liver invasion; -perineural invasion; -tumor's cells in surrounding fatty tissue; -tumor's cells in lymph nodes. Microvascular invasion was observed in 42.9% of cases, lymphovascular invasion -in 88.2%, positive resection margin was revealed in 59.2% of patients, perineural invasion -in 83.3%, present cells in surrounding fatty tissue -in 92.3%. R0-resection was considered if all these factors were absent. R1-resection is associated with 5-7 negative factors and followed by expected survival over 2 years (R + number of positive variables).
Considering these criteria only 4 (3.4%) patients underwent R0 or R+1-2 resection. Thus, in our trial only 1 patient is under observation within maximum period of 73 months, the 2 nd one -61 months, the 3 rd patient -29 months and the 4 th one -65 months, but local recurrence occurred in 55 months in the last case. At the same time, in patients after R1-resection (R+3-5 positive factors) survival is less than 2 years.
Comparative analysis was performed to analyze data and to confirm significance of new criteria depending on the number of factors. For this purpose, all patients were divided into 2 groups: group 1 consisted of patients with ≤2 positive factors (R+1-2), group 2 -with ≥3 positive variables (R+3-7) (fig. 2) .
Comparative data of both groups are interesting. First of all, significantly different survival should be emphasized (p 0.004). Number of survivors depending on Fig. 1. Influence of resection margin on survival (log-rank test) . is diminishing with zero value in 55 months. Thus, R0-resection is considered in absence of all 7 risk factors. R1-resection (R+1, R+2) is associated with ≤2 positive factors and more than 2-year survival. From 3 to 7 positive factors are also followed by R1-resection (R1+that means advanced cancer), but procedure is non-radical with negative long-term outcome (R+3, R+4, R+5, R+6, R+7, respectively) (table 3) .
It should be noted that such classification with the number of positive factors is justified by prognosis of long-term outcomes.
Discussion
Currently, bile ducts and ipsilateral liver lobe resection (R0) is the main surgical strategy for HCC [3] . Median of survival and 5-year survival after R0-resection are 27-58 months and 27-45%, respectively [2] . In our trial 5-year survival was 32% after R0-resection (p<0.05).
At present time, most of researchers conclude it is necessary to identify factors affecting long-term prognosis of HCC [18, 19] . The main factors of unfavorable prognosis are regional lymph nodes involvement, resection margin status, and tumor cells differentiation [19] .
Univariate regression also confirmed that not only differentiation grade and presence of tumor cells in resection margin but also perineural invasion, depth of bile duct invasion (entire wall invasion and beyond it) are factors which significantly affect survival. In multivariate analysis only lymphovascular invasion was significant predictor of survival (p=0.05). Apparently, this is due predominant lymphogenous dissemination of cholangiocarcinoma. Thus, we consider that R0 and R1-resection (according to new classification) is the only factor which can be changed by the surgeon. In other words, thorough surgical technique with obligatory excision of affected bile ducts, arteries and veins, lymph nodes and liver parenchyma, lymphatic vessels, nerves and surrounding fatty tissue. It is very important since lesion of bile ducts wall (or serosa invasion) followed by penetration into blood and lymph circulation is more significant for HCC prognosis rather depth of invasion.
In our opinion, outcomes of radical and conditionally radical operations are of interest. Several trials showed similar long-term survival after R0 or R1-resection [20, 21] . However, there are doubts about the validity of such conclusions since it is very likely to be R1-procedures were erroneously referred to R0-resections in these works.
It should be noted that so-called aggressive surgery with advanced hemihepatectomy, resection of arterial and venous liver vessels followed by pancreatoduodenectomy in some cases is often applied to achieve radical procedure. Japanese and South Korean surgeons actively support this opinion. In particular, prof. M. Nagino et al. reported 5-year survival almost 70% (67.1%) in pM0 R0 and pN0 (n=243) [22] . At the same time, we consider that new concept of surgical treatment of HCC may be based on «advanced» surgery combined with new criteria of radical procedures.
So, we have presented new criteria of radical operations taking into account significant morphological features. Comparative analysis was used to evaluate longterm results and to confirm the significance of new criteria depending on the number of factors (p=0.004). Less than 2 positive factors (R0) (R+1-2) are followed by radical or conditionally radical resection with survival over 2 years. In contrast, 3-7 positive factors are accompanied by R1+resection. The last means non-radical procedure and poor long-term outcome.
Thus, adequate «aggressive» surgical approach for HCC to achieve R0-resection is still actively discussed. Our analysis and new criteria confirm dependence of clear resection margin not only from the presence or absence of tumor cells, but also important morphological features of tumor. New criteria are needed to optimize combined perioperative treatment, improve long-term survival and for possible complete cure in future. 
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